The recently described Tropeiro Seedeater, Sporophila beltoni, is a rare long-distance austral migrant songbird that breeds in upland grasslands of southern Brazil. No aspect of its natural history has been studied previously. We studied the natural history of this seedeater in the grasslands of the Araucarian Plateau from 2007 until 2011, focusing on breeding biology and monitoring 133 nests. The breeding cycle lasts for 3.8 months, and the breeding season is correlated with photoperiod and phenology of the grasses; nesting peaks in November and December; the mean clutch size is 2 eggs (1-3); and only the females brood, for 12 days. The nestling period lasts 10 days, and both parents care for the nestlings, although with different roles. The daily estimated survival rate (DSR) of nests, as modeled by the MARK program, was 0.94 and varied temporally in the breeding season. The estimated reproductive success was 20%. The quadratic model best explained the changes in nest survival, coupled with concealment and nest height from the ground. Other factors tested, including year-to-year variation, age of the nest, and species of support plant, did not significantly affect nest survival. Predation was the main cause of nest failure (48%), followed by desertion of nests and trampling by cattle (37%). Multiple breeding attempts (maximum 3) occurred, averaging 1.75 (SE 6 0.17) nests per female in each breeding season. This information on breeding biology and nest survival will aid in management and conservation efforts in grasslands of southern Brazil. Keywords: life history, Brazil, parental care, nestling growth, nest survival, MARK, predation, Sporophila beltoni Biologia reprodutiva da patativa-tropeira (Sporophila beltoni)
INTRODUCTION
Investigation of breeding biology provides essential knowledge regarding the natural history of each bird species because a multitude of behavioral systems have evolved around reproductive activity (Alcock 2004 ). Research about bird reproductive parameters have been the base for formulating evolutionary theories, and although reproductive strategy is an elementary and key aspect of life history of any bird, it is not known for the majority of Neotropical bird species (Stutchbury and Morton 2001) .
Reproductive success has a direct effect on species population dynamics because for a population to remain stable or to increase, the replacement rate of individuals must equal or exceed the mortality rate (Winkler 2004) . Differences in reproductive success are related to characteristics derived from temporal and spatial variables, such as the period of the breeding season, climate, and availability of food, or the interplay and combination of these factors (Morton 1971 , Hochachka 1990 , Bollmann and Reyer 2001 , Dinsmore and Dinsmore 2007 .
Nest predation has been considered an important selection factor on parental care behavior (Skutch 1949 , Ricklefs 1969 , Slagsvold 1982 , Lima 1987 , including activities such as nest construction, incubation, and offspring care. Food provisioning to offspring can vary widely between sexes in socially monogamous birds (Schuwagmeyer et al. 1999) . In songbirds species, the female invests mostly in nest building, egg production, incubation, and provisioning young, whereas the male invests mostly in provisioning (Houston et al. 2005) . The extent of male and female roles in parental care can significantly affect nest success and offspring survival in altricial species (Laubach et al. 2015) , as well as correlate with the ability to attempt future broods within same breeding season (Stodola et al. 2009 ). Understanding the ability of a species or population to attempt renesting or multiple broods is important for drawing inferences about annual fecundity estimated from nest success (Grzybowski and Pease 2005) ; however, information on a species' ability to renest is often lacking (Kershner et al. 2004) .
Small clutch size seems to be another evolutionary adaptation to high rates of predation and is a hypothetically efficient strategy for the production of young (Slagsvold 1982 , Martin 1996 . Dilemmas about whether clutch size is related to age or geographical latitudinal gradient still generate lively discussions on the evolution of this mechanism and its consequences for reproductive success in different populations of birds (Kulesza 1989 ,Yom-Tov et al. 1994 , Martin et al. 2009 , and a theoretical consensus seems to be a distant prospect (Ricklefs 1980 , Roper et al. 2010 .
The Tropeiro Seedeater (Sporophila beltoni; Figure 1 ) is the rarest of 35 species of Neotropical seedeaters. It breeds in upland shrub-grasslands of southern Brazil (Atlantic Forest Biome) and migrates north to wintering grounds in the Cerrado Biome (Repenning and Fontana 2013) . This songbird currently has a restricted and highly fragmented distribution and has experienced declines in its population and historical distribution because of habitat loss and pressure from bird trappers. The species can be classified as globally endangered under the IUCN Red List criteria (Repenning and Fontana 2013) . Information about this seedeater's life history and breeding biology is lacking. Therefore, we studied the breeding biology of S. beltoni, focusing mainly on (1) breeding phenology and clutch size; (2) parental care (roles of males and females in nesting) and pattern of nestling development; (3) breeding success and factors that may affect the daily survival rate of nests (nest survival); and (4) renesting within the same breeding season. Finally, we discuss the implications of the life history of S. beltoni, comparing it with other temperate or tropical passerines and, most directly, with closely related species.
METHODS

Study Sites and Data Collection
We conducted the study in the southern Brazilian uplandgrasslands of southeastern Santa Catarina (SC) and northeastern Rio Grande do Sul (RS) during 4 breeding seasons (October to March 2007 March -2008 March , 2008 March -2009 March , 2009 March -2010 March , and 2010 March -2011 . The breeding population of S. beltoni was monitored in 3 study areas on privately owned cattle ranches. This region is located on the Brazilian Araucarian Plateau, which contains a mosaic of grasslands, patches of Araucaria forest, and bogs (Boldrini 2009 ).
Our study areas in RS were located in the municipalities of Vacaria (650 ha; 28.138S, 50.908W) and Bom Jesus (200 ha; 28.66998S, 50.47158W) and in SC in the municipalities of Lages and São Joaquim in a contiguous area of 1,000 ha (28.308S, 50.288W) comprising valley shrub-grasslands on steep terrain at elevations from 700 to 950 m. The primary habitat is dry soils with small streams, dominated by tall shrubs and grasses (Repenning 2012 ). The climate is humid temperate (Maluf 1999) , with cold winters (temperatures below 08C) and rainfall distributed regularly through the year. The mean annual temperature is 15.78C (range: 11.1-21.68C), and in summer the temperature fluctuates widely, often from 108C to 358C on the same day (Rambo 2000) .
We obtained climate data (daily maximum temperature, day length/photoperiod, and rainfall) from the database of the Empresa Brasileira de Pesquisa Agropecuária -Clima Tempo (EMBRAPA 2010) . The data were collected from a meteorological station located in the municipality of Bom Jesus (28.518S, 50.598W) at a site midway among the 3 study areas. We conducted a daily census of grass species during 3 breeding seasons to measure the grass seed phenology by taking samples of the species. We computed the number of inflorescences per grass species using a 2 3 2 m square plot within the habitat of each species.
We searched for nests after observing the parents' breeding behavior and executing systematic searches in previously identified established territories. We georeferenced each nest found (Garmin GPS), recorded its support plant, and marked it with a biodegradable red/yellow flag placed approximately 5-10 m from the nest. We visited each nest every 3-4 days on average (range: 1-8 days) until the date when the nest became inactive, for whatever reason. During each visit, we recorded the nest contents.
Nestlings until 3 days old were weighed with an Ecotone digital scale (precision: 0.01 g) and after 3 days old until fledging with spring balances (Pesola Swiss Microonline 20060, precision: 0.5 g). For nestling measurements we used nests from the 2010-2011 season that were not used for breeding success analysis or for estimates of daily survival. We banded nestlings from day 4 onward, and parents, juveniles (captured with mist-nets, 14-mm mesh), and fledglings using standardized aluminum bands provided by the Brazilian Banding Agency (CEMAVE/ ICMBio) with a combination of colored plastic bands. We collected blood samples by pricking the ulnar vein or cutting a nail from the banded individuals. The sex of nestlings was obtained through a PCR DNA analysis (Unigen Laboratory of DNA and genetics, São Paulo, Brazil). We conducted a daily census of juvenal birds in formative plumage (Repenning and Fontana 2013) and computed all distinctive individuals assumed in each of 3 study areas per week.
We evaluated the parental care behavior through focal observation with a Kowa TSN-821 (20 3 60 mm) spotting telescope to a distance of~20 m or made video recordings with a Sony DCR-VX 2100 placed~5 m from the nest. Each video recording comprised at least 1.5 hr; recordings were made during 3 periods of the day: morning (sunrise until 0900 hr), midday (1000-1500 hr), and evening (1600 until sunset). We observed and video-recorded 12 nests (7 initial and 5 in final period) during incubation (38 hr), and 16 nests (5, 7, and 4 nests in the initial, intermediary, and final period, respectively) during feeding of the nestlings (60 hr).
Data Analysis and Definitions
Nesting phases. We estimated the incubation period as the time elapsed from the laying of the first egg to the hatching of the first nestling; the nestling period was from the date of the last egg hatching until the date of the first fledge. We assumed the minimum clutch size when the egg number remained constant after 2 consecutive nest checks for nests found in the building and laying stages. For nests found with 2 nestlings or 1 egg and 1 nestling, we considered the minimum clutch size to be 2 eggs.
Parental care. The parameters evaluated were (1) rate of food delivery (trips per hour and number of deliveries per visit), (2) visit length (s), and (3) proportion of time spent at the nest on-bout (nestling feeding, brood behavior, nesting shading, nest repair, nest cleaning) vs. off-bout. We defined 2 incubation phases, initial and final, of equal duration. The nestling-feeding period was measured for males and females separately and was divided into 3 nestling stages: initial (1-3 days old), intermediate (4-7 days old), and final (8-10 days old).
Nest survival. We estimated nesting success by the daily survival rate (DSR), using the Program MARK (White and Burnham 1999) . Of the 133 nests originally found, 90 were included in the nest-survival analysis because they perfectly fit the 5 basic assumptions needed to use MARK (see Dinsmore and Dinsmore 2007) . We defined day 1 as the day we found the first egg in all the study seasons combined (day 1 ¼ 4 November). We defined nesting success as at least one nestling able to fledge. We considered a nest to have been depredated when all the eggs and nestlings disappeared (2 or more days prior to the mean expected fledging time).
Initially, we performed with MARK notation the 3 models with time trends within a breeding season. The null model assumes that DSR is constant during breeding season and the linear and quadratic models include temporal variation (Dinsmore et al. 2002) because nest survival tends to vary temporally within an annual reproductive cycle (Hochachka 1990 ). To assess which ecological factors most influenced the DSR and affect the nest survival of S. beltoni, we used 5 covariates. (1) Annual variation: each year may differ in climate variables, availability of resources such as favorable nesting sites, and the richness and abundance of predators (Dinsmore et al. 2002) . (2) Nest age: the success of nests of altricial birds tends to decrease with increasing age of the nest (Skutch 1949) and is closely linked to the progressive increase in the frequency of attendance to the nests, noise, and odor of the nestlings, which increase the probability of detection by the predators themselves. (3) Height of nests: the height above ground may favor or limit the action of predators and therefore affect the DSRs of birds that situate their nests in trees or bushes (Møller 1987, Howlett and Stutchbury 1996) . Seedeater nests vary somewhat in height, which may affect the type of predator that can access nests in different strata and, in turn, influence nest survival. (4) Nest concealment: whether the nest is more or less conspicuous in a particular environment can be a determining factor in detectability by predators, and thus for its success (Martin 1992, Howlett and Stutchbury 1996) . We defined 2 uncorrelated parameters to characterize the nest concealment of S. beltoni: (a) percentage of nests covered by vegetation as viewed from above, and (b) percentage of nests covered by vegetation in side view, as seen from the same height as the nest 2 m from the nest and from the point we considered most conspicuous. (5) Support plant species: the plant species commonly used to construct nests are usually those most abundant at the nest site, which reduces the ability of predators to detect the nests, favoring nest success (Martin 1993a (Martin , 1993b .
We tested all possible combination of models using these covariates coupled with the better time trend model. We ran the constant-survival (null) model, selecting MARK's default sin-link and the logit-link functions for models that included covariates (Dinsmore et al. 2002) . We performed a hierarchical model selection based on the Akaike's Information Criterion (AIC c ) corrected for small sample sizes (Burnham and Anderson 2002) . Models with the lowest DAIC c and highest Akaike weight (w i ) are the best-supported models or with the greatest explanatory power within the set of candidate models Anderson 2002, Burnham et al. 2011) .
Statistical Analysis
To assess data for parental care, we used the nonparametric Wilcoxon signed-rank test to (1) compare the duration of the female's visits to and periods of absence (initial and final periods) from the nest; (2) compare the number of trips to the nest per hour (initial and final incubation periods, and initial, intermediate, and final nestling phase periods) assessing female and male roles; and (3) compare the number of food delivery trips to the nest/nestlings per hour. Additionally, we used the same test to compare success and failure for height of nests. To determine the correlation between environmental (photoperiod, maximum temperature) or ecological variables (richness of grasses) and breeding phenology, we used a nonparametric Spearman correlation test. To evaluate statistical differences of clutch size among the 3 different breeding seasons, we used the nonparametric Mann-Whitney test (or Kruskal-Wallis one-way analysis). For statistical analysis we used the software Systat 10.0 (SPSS 2000) and graphical images using Sigma-Plot 8.0. We considered values of P , 0.05 to be statistically significant.
RESULTS
Breeding Phenology and Clutch Size
The length of the breeding season was 116 days (3.8 months), starting November 4 and extending to March 4 when the last nesting activity was recorded. The period of major nesting activity extended from the second week of November to the end of December (Figure 2A ). The first fledge occured on November 30, with the peak of fledging in the second half of December. Nests found in January and February were commonly renesting (second or third attempts by pairs when the first nest failed; Figure 2A ). The period of highest nesting activity coincided with the peak of winter grass seeding added to the beginning of summer grass seeding (i.e. the period when the most ripe grass seeds are available). The number of active nests and the availability of ripe grass seeds showed a positive Spearman correlation (q ¼ 0.756, P , 0.001), and nesting activity was positively correlated with photoperiod (q ¼ 0.760, P , 0.001, n ¼ 91 nests; Figure 2B ). Increases in the number of juveniles (individuals with formative plumage,~50 days old) were most regularly recorded in the second week of January, and the peak of juveniles was in February ( Figure  2A ) during the period of most intense summer grass seeding ( Figure 2B ). At this stage of breeding, mid-January through March, juveniles were as abundant as adults.
Clutch size was usually 2 eggs (91%, n ¼ 91 nests), ranging from 1 to 3 eggs (2% and 7% of the nests, respectively). The mean clutch size did not vary from year to year (H ¼ 1.64, P ¼ 0.4, n ¼ 91 nests). The clutch size of 3 eggs was restricted to the beginning of the reproductive period (first attempt); the clutch size of 1 egg was limited to a female's third nest attempt in the same season. Thus, the clutch size decreased as the breeding season progressed (q ¼ À0.50, P ¼ 0.0003, n ¼ 91 nests).
Parental Care
Incubation is performed only by females and starts immediately after the first or second egg is laid. In 8 nests monitored immediately after the first egg, incubation started promptly in 6 nests. The incubation period was 12 6 0.7 days (range: 11-13 days, n ¼ 12 nests). The duration of on-bout visits increased significantly (z ¼ 2.8, P ¼ 0.005) from the beginning to the end of the incubation period ( Figure 3A) . The off-bout incubation period, in turn, decreased significantly from the initial to the final phase (z ¼À2.12, P ¼ 0.03). The number of visits to the nest per unit of time (hr) also decreased between the initial and final phases of incubation, but not significantly (n ¼ 12 nests, 38 hr of observation; Figure 3B ).
Both parents cared for the nestlings and fledglings. They delivered seeds predominantly but commonly include spiders and termites. The frequency of visits to the nest increased with the age and development of the nestlings. At the beginning of the nestling period (n ¼ 5 nests), females visited the nest significantly less often to feed the nestlings than during the intermediate (n ¼ 7 nests; z ¼ 3.64, P , 0.001) and final periods (n ¼ 4 nests; z ¼ 2.60, P ¼ 0.009). In the intermediate and final nestling stages, the frequency of feeding visits by females did not differ significantly (z ¼ À0.358, P ¼ 0.7). Males fed the nestlings significantly more often as the nestling period progressed (initial vs. intermediary nestling stage: z ¼ 2.207, P ¼ 0.02; and intermediary vs. final nestling stage: z ¼ 1.77, P ¼ 0.07; Figure 3C ). Females visited the nest significantly more than males in the early (z ¼ À2.41, P ¼ 0.016) and intermediate stages (z ¼ À3.21, P ¼ 0.001) of the nestling period. The frequency of visits by females and males to feed nestlings did not differ significantly (z ¼À0.947, P ¼ 0.34) in the final period ( Figure 3C ).
The duration of visits during brooding was longer for females than for males in the early period (z ¼ 2.20, P ¼ 0.02; Figure 3D ). Females also spent more time in brooding activity (longer visits) in the initial period than in the intermediate period (z ¼ 3.62, P , 0.001; 92% after feeding nestlings). We found no significant difference between the number of food deliveries to nestlings by males compared to females, assessed disregarding the different developmental stages of the nestlings (z ¼ À1.057, P ¼ 0.30; Figure 3E ). Both females and males perform nest sanitation activities. A final and important aspect of parental care is the clear division between males and females in the care of fledged juveniles. Our observations showed that in 7 monitored families with 100% of progeny sexed, male fledged juveniles were attended by only the male parent, and female fledged juveniles by only the female parent.
The nestling period averaged 10 6 0.18 days (range: 8-11 days, n ¼ 20 nests). The mass of nestlings increased progressively until day 7, with the rate of increase seeming to slow from day 8 to 11 when feather growth of coverts and remiges occurs ( Figure 3F ). The nestlings weighed~9 g at fledging, markedly lighter than their parents at~12 g (Repenning and Fontana 2013) . A mean of 1.57 nestlings 
Breeding Success and Nest Survival
The average daily nest-survival rate (DSR) was 0.94 6 0.007 (n ¼ 90 nests), and the cumulative probability of nest survival in a nesting cycle was 20%. The length of the nesting cycle was 22 days. The quadratic model including the covariates nest concealment and nest height best explained the variability in the survival of nests (Table 1) . Side-nest concealment negatively influenced the DSR (b concealment side ¼ À0.09 on a logit scale, SE ¼ 0.02; 0.95 CI: À0.14, À0.03) and above-nest concealment positively influenced the DSR (b concealment above ¼ 0.02 on a logit scale, SE ¼ 0.005; 0.95 CI: 0.01, 0.03). Nest height negatively influenced the DSR (b height ¼ À0.29 on a logit scale, SE ¼ 0.12; 95% CI: À0.54, À0.04). Nests with average height 0.72 m 6 0.39 (n ¼ 38 nests) were successful whereas nests that averaged higher or lower were failures (n ¼ 52 nests; z ¼ À3.061, P ¼ 0.002). The DSR gradually increased until day 30, when it became constant, and started to decrease from the ninth week (day 80) of breeding ( Figure 4A ). The probability of survival did not vary through the nest cycle (22 days; Figure 4B) .
Predation was the cause of failure in 48% of nests that failed (44/91). On 2 occasions, the female was depredated during incubation (probably at night) but not the eggs. Desertion of nests occurred exclusively during the construction and incubation stages and was the second most important cause of nesting failure, comprising 24% (22/91) of nests lost. Cattle trampling caused 13% of the nest failures (12/91). Loss of the remaining clutches (14%, 13/91) resulted from a variety of problems, including poorly constructed nests (5); human-caused landscape burns conducted indiscriminately during the breeding season (3); parasitism by the botfly Phylornis seguy (1); and other undetermined causes (4). We found no evidence of brood parasitism.
Renesting Within Breeding Season
During 2007-2010 we monitored 33 banded females associated with at least 1 nesting; 20 females (60%) made a second confirmed nesting attempt, of which 5 (25%) attempted a third nesting within the same breeding season. Assuming that the remaining 13 females attempted nesting only once, the mean number of attempts was 1.75 6 0.17 nests (range: 1-3 nests) per female in each breeding season. In 85% of the cases (17/20), the second nesting attempt was preceded by failure of the first, and 15% (3/20) occurred after a first successful attempt. Only one first and second successful nesting attempt was recorded. All 5 cases of a third nesting attempt in the same breeding season were preceded by 2 failed attempts. Only 1 third nesting attempt was successful. Two females who laid 3 clutches attained an annual output of 6 eggs each. The mean time between the first and second nesting attempts was 16.6 6 2.9 days (range: 4-50 days, n ¼ 20 nests renesting). The mean time between the second and third nesting attempts was 13.7 6 6.5 days (range: 4-33 days, n ¼ 5). Three different cases of second nesting attempts after a first successful attempt proceeded as follows: (1) the pair's renesting started 45 days after the fledge date, or after the parents cared for 2 fledglings until independence (~41 days); (2) the pair renested 10 days after producing 1 successful fledgling. In this case, the male continued to care for the fledgling while the female simultaneously constructed a new nest and started incubation of 2 eggs 7 days later; and (3) the female started a second nest 4 days after the fledge date after loss of all offspring. We did not observe reuse of nests. The average distance between successive nests of a female in the same breeding season was 16.8 m 6 11.4 (range: 2-40 m, n ¼ 15 nests). The longest distances,~1500 m between the second and third nest attempts, also involved the pairs changing breeding territories.
DISCUSSION
Breeding Phenology and Clutch Size Sporophila beltoni has a stable and well-defined breeding period (3.8 months), similar to other passerines in subtropical areas of South America (Malizia 2001 , Fontana and Repenning 2014 as well as in temperate zones (3.1-4.2 months; Ricklefs 1966 , Jones et al. 2010 . Sporophila beltoni, however, has a shorter breeding period than other congeners (S. collaris and S. hypoxantha, both resident in Formosa, Argentina, a warmer region; S. caerulescens and S. lineola, both migrant, in São Paulo, below 68 latitude) that have breeding periods of 5 months (Francisco 2006 , Oliveira et al. 2010 . Sporophila torqueola from North America breeds from April to July, showing a similar breeding season length to S. beltoni (Eitniear 1997) . Typical tropical taxa breed almost year-round or, in certain regions, for longer periods than those observed here (e.g., S. intermedia, S. torqueola, and S. nigricollis; Alderton 1961 , Stiles and Skutch 1989 , Thomas 1996 , Adel et al. 2010 . The need for S. beltoni to migrate after breeding is imposed by a more rigid deadline because food resources decline with the approach of autumn.
The climate contrasts in upland grasslands of southern Brazil strongly influence the phenology of the grasses (Rambo 2000 , Boldrini et al. 2005 , the main food of this species. The breeding season is consistent with those observed for other sympatric finches, such as residents Zonotrichia capensis, Ammodramus humeralis, and Emberizoides ypiranganus and migrants Sporophila caerulescens, S. hypoxantha, S. melanogaster, and Cyanoloxia glaucocaerulea (Rovedder and Fontana 2012 , Franz and Fontana 2013 , Chiarani and Fontana 2015 MR personal observation) . This finding further highlights the strong influence of the local climate combined with the availability of seeds on the reproduction of granivorous birds in Southern South America.
The food requirements of post-fledglings or juveniles are supplied by the massive fruiting of summer grasses (late December to late February), corroborating the hypothesis that birds must reproduce when food is available in greater abundance to meet the physiological demand resulting from producing eggs (Perrins 1970 ) and rearing young (Lack 1954 ). This hypothesis has been supported by studies with birds in temperate zones (Perrins 1991, Nilsson and Svensson 1993) . Similarly, Skutch (1950) and Cody (1985) reported that Sporophila breeding is associated with the availability of seeds of grasses and occurs at the end of the rainy season.
The clutch size and nestling period is similar with congeners (S. nigricollis, S. schistacea, S. torqueola, and S. aurita) from northern South America, Central America, and southern North America (Gross 1952 , Alderton 1961 , Eitniear 1997 , Adel et al. 2010 , and also with S. collaris and S. hypoxantha in Formosa, Argentina, and with S. lineola and S. caerulescens in southeastern Brazil (Di Giacomo 2005 , Francisco 2006 , Oliveira et al. 2010 ). However, comparisons do not provide evidence regarding congeneric variation in clutch size and length of each nesting stage along a latitudinal geographic gradient. Phylogenetically close bird species, or even populations of the same species, may have different clutch size, periods of incubation, and development of nestlings at different latitudes (Martin 1996 , Martin et al. 2000a , 2007 . According to this suggestion, populations or taxa occurring in regions near the equator should have smaller clutch sizes and longer periods of incubation and care of nestlings than those that breed at higher latitudes, such as S. beltoni. It is possible that species of Sporophila show no significant geographical gradient in these parameters.
Parental Care
The change in incubation rhythmic with advancing embryo development displayed by S. beltoni corresponded to the pattern found for other tropical passerines (Ruggera and Martin 2010) . Differences in air temperature can influence the relative time for incubation in birds from different regions (Conway and Martin 2000) . For S. beltoni females, increased attentiveness to eggs during the final stage of incubation can be key to hatching success. We observed that males fed females in the nest only near hatching day (Repenning 2012) , allowing females to incubate for prolonged periods and maintain a more consistent egg temperature. Cooling at this stage can compromise the hatching success (Webb 1987 ). An alternative interpretation is that parents instinctively increase the value of the clutch as hatching nears (Winkler 1991) .
Quantitative assessments of the development rate of Sporophila nestlings are unavailable in the literature, and the results presented here are the first for the genus. The pattern of increasing body mass during the nestling stage is equivalent to that reported for other species of oscines, such as the Hirundinidae (Winkler 2004) , Dolichonyx oryzivorus (Frei et al. 2010) , and Myioborus miniatus (Ruggera and Martin 2010) . Fledglings of S. beltoni abandoned the nest before reaching adult weight, similar to reports for other passerines that typically nest in open fields (Wheelwright and Rising 2008, Frei et al. 2010) . The development of S. beltoni nestlings as measured by the increase of body mass per day does not seem to be slower than that observed for other species of finches in temperate zones, in contrast to predictions by different authors (Ricklefs 1969 , Stutchbury and Morton 2001 , Martin et al. 2011 . The ability to prematurely abandon nests if disturbed (from the seventh day onward) observed for oscines that nest on the ground, or close to it, may be an adaptation to predation or other disturbances such as trampling by herbivores in open habitats.
The male participates increasingly in the care of the nestlings as they grow, similar to the pattern described for 4 other species of Sporophila (Facchinetti et al. 2008 , Franz and Fontana 2013 , Fontana and Repenning 2014 . In S. beltoni, unlike other species of Sporophila studied, males may feed the newly hatched nestlings, although the behavior of individual males varied. The increased participation of the male in caring for the nestlings may be a strategy to increase the recruitment of young by minimizing competition among nestlings for food and could also help reduce the physiological stress on the female (Ricklefs 2002) . Almost all authors who investigated the reproductive biology of Sporophila mentioned some participation of males in service to nestlings or young (Skutch 1954 , Gross 1952 , Alderton 1961 , MarcondesMachado 1997 , Francisco 2006 , Oliveira et al. 2010 .
Some studies have suggested that the rate of food delivery to the offspring of passerines in tropical areas is significantly lower (2.2 visits per hour per nestling) than in temperate zones (20-30 visits per nest per hour near the end of the nestling period; Stutchbury and Morton 2001) . Sporophila beltoni showed a mean of 16 (male ¼ 8, female ¼ 8) visits per hour per nest near fledgling day, reaching 23 nest visits per hour. Near the equator, S. aurita and S. nigricollis showed lower visitation frequencies in the final nestling stages (Gross 1952 , Alderton 1961 . Sporophila collaris and S. hypoxantha showed mean visitation rates in the latter half of the nestling period of~5 visits per hour (Facchinetti et al. 2008) . Sporophila caerulescens maintained a mean of 14 visits per hour per nest in a study conducted in São Paulo at the later nestling stage (Francisco 2006) . Although the visitation rates found for other congeners in Argentina maybe underestimated for the final period of nestlings, data clustering analysis makes evident that delivery rates among species vary with latitude. We conclude that estimates of frequency of visits to the nestlings for S. beltoni is most similar to S. caerulescens from southeastern Brazil and those reported for passerines in northern temperate zones (Ricklefs 1969) . The adjustment between the rate of visitation to the nest and the optimal feeding of nestlings has invariably been associated with selection pressure by predation (Skutch 1949 , Bosque and Bosque 1995 , Martin et al. 2000b , Muchai and Plessis 2005 .
The nestling sex ratio of 1:1 suggests that the adjustment of post-fledging parental care is closely related to the sex of the fledging and parents. Juvenile male oscine birds may depend on their father or tutor to learn behavior (e.g., song and courtship), and this process of teaching/ learning occurs during a period of increased sensitivity (until the young are 50 days old; Grant 1989, Baptista 1996) . We believe that in S. beltoni, male offspring are tutored by their social parents in the main songlearning process (transmission of song process) until they are~45 days old, corresponding to the period of greatest food dependence of juveniles. We hypothesize that the interactive behavior of parents and post-fledglings/juveniles in S. beltoni depends on their sex. This mechanism would interact with a selective pressure on the sex ratio of 1:1 and consequently on the clutch size adjustment (2 eggs).
Breeding Success and Nest Survival
The daily nest-survival rate was highest in the middle of the annual breeding cycle. Similar temporal model patterns have been found for other grassland passerines and can be attributed to various causes, such as increased predation (Hochachka 1990 , Grant et al. 2005 , Di Giacomo et al. 2011 , increased infestation of nestlings by botfly Phylornis (Rabuffetti and Reboreda 2007, Segura and Reboreda 2011) associated with the daily temperature increase (Repenning 2012) , or changes in the ''quality'' of breeding individuals and territories (Nilsson 1999) .
The survival probability of S. beltoni nests did not change during the nest cycle, an opposite pattern to those usually found for altricial open-nest-building species from different taxonomic groups, habitats, and regions, including Africa (Muchai and Plessis 2005) , North America Martin 2005, Kerns et al. 2010) , and the Neotropics (Mermoz and Reboreda 1998 , Gressler 2008 , Santos 2008 , França and Marini 2009 , Di Giacomo et al. 2011 , Rovedder 2011 , Franz and Fontana 2013 . These studies found a higher probability of survival of nests during the incubation than during the nestling phase. In turn, for some species, the survival of nests can be constant and independent of nest age, or nest predation may be more significant during the egg stage than the nestling stage (Roper and Goldstein 1997 , Martin et al. 2000b , Duca 2007 , Goulding and Martin 2010 , Hoffmann and Rodrigues 2011 . We therefore posit that hypotheses such as Skutch's predicting that nests tend to have greater risk of predation as they age (Skutch 1949) is not corroborated by our present study and should be stated with caution.
We found that the number of visits to nests increased significantly from the start of incubation until fledging, but the predation probability was not significantly correlated. Crucial to understanding the relationship between the visitation rate and predation of S. beltoni nests is detailed knowledge of how potential predators locate the nests; for example, if the main predators orient by smell, it would not make sense to attribute unsuccessful nest predation to greater visitation to nests. The prediction of increased risk of predation with increased nest visitation was also rejected by Roper and Gouldstein (1997) or only partially supported by the results of Martin et al. (2000b) . Although many studies have examined this issue, no consensus has been reached. Understanding the particular effects of predation on the reproduction of each species or population in the Neotropics may ultimately shed new light on the subject (Oniki 1979) .
Better-concealed S. beltoni nests in vegetation tended to have a higher probability of success, similar to observations on S. melanogaster in the same region (Rovedder 2011) and Sicalis citrina from the Cerrado in central Brazil (Gressler 2008) . Another important aspect related to daily survival of nests was height of nests above the ground. This factor supports the suggestion that nests located at different heights may be have different probabilities of survival (Møller 1987, Martin and Roper 1988) . We found that nests with the highest probability of success were at intermediate heights (~0.7 m above the ground). Based on qualitative observation of potential predators in the study area, nests located at these heights avoid predators near the ground such as lizards, terrestrial snakes, and skunks as well as predators that exploit the upper strata such as some bush-canopy snakes (e.g., Phylodrias olfersii) and birds in flight scanning for prey in the shrub canopy (e.g., Elanoides forficatus; MR personal observation).
Renesting Within Breeding Seasons
Multiple brood attempts (MBA) as a reproductive strategy may mitigate the influence of predation on the annual breeding success (Ricklefs and Bloom 1977) . Tropical birds have more opportunity to produce more than one brood during an annual cycle (Foster 1975) , whereas in the temperate zones, breeding (and thus MBAs) is restricted by shorter breeding windows (Wyndham 1986 ). The need to complete the molt after reproduction and then migrate eliminates the possibility for S. beltoni to attempt more than 3 broods in the same season. The time between the different nesting attempts varies widely for each pair. The interval between starting the first, second, or third nests may depend on the developmental stage of the lost nest or on the timing of the first brood of the season. The distance between successive nests was only a few meters, even if the previous nest was depredated. This adherence to the nest site in the same conditions might be related to a limited availability of optimal nest sites within each breeding territory. The occurrence of multiple breeding attempts in the same season has been reported in tropical and subtropical South American birds (Medeiros and Marini 2007 , Di Giacomo et al. 2011 , Duca and Marini 2011 . These studies suggest that MBA would be more effective in assuring at least one successful brood than in producing many chicks in a year. Producing one successful brood in every breeding season seems to be sufficient to recruit enough young to maintain a stable population of S. beltoni.
This study provides the first information about breeding behavior and nest success of the rare and threatened Tropeiro Seedeater. This long distance migrant bird has a short nesting period, rapid development of nestlings, and biparental care, elements shared with songbird from temperate zones. This species has similarities to the life history of tropical passerines, however, such as small clutch size, high nest predation, and predisposition to multiple broods in the same season. The gradual increase in basic knowledge of birds of the tropical, subtropical, and temperate zones of the southern hemisphere allows more sophisticated comparisons of their life histories, revealing paradoxes and stimulating new questions related to geographical differences in avian evolutionary biology.
